(19) 



J 



Europaischee Patentamt 
European Patent Office 
Office europeen des brevets 




(12) 



(43) Date of publication; 

29.07.19S8 Bulletin 1998/31 

(21) Applicallon number: 98300513.3 

(22) Date of filing: 26.01.1998 



(11) EP 0 855 389 A2 

EUROPEAN PATENT APPLICATION 



(51) intci.6 C07C40S/00.A61K 31/567 



(84) Designated Contracting States- 

ATBECHDEDKESF.FRGBQRIEITLILUMC 

Designated Extension Slates- 
ALLTLVMKROSI 

(30) Priority: 27.01.1997 JP 27198^7 

(71) Applicant: ONO PHARMACEUTICAL CO LTD 
Chuo-ku Osaka 541 (JP) ' 



(54) A 3,7-dlthiapro8tanolc acid derivative 

(57) A 3.7-dtthiaproslanoic acid derivative of the formula (I) 



(72) Inventors: 

• Maruyama, Toru, 
c/o Ono Pharmaceutical Co.. Ltd 

Ono Pharmaceutical Co , Ltd 
Shimamoto-cho, Mlshima^un, Osaka, 618 (JP) 

(74) Representative: Benlham, Stepl,en 
J.A. KEMP & CO. 
14 South Square 
Gray's Inn 

London WC1R5LX (GB) 




CORl 



CM 

< 

O) 
00 
CO 

lO 

u> 

CO 



Q. 



Prinledby Jouve. 75001 RW1IS(FH) 



EP 0 855 389 A2 



Description 
Summary 



des 3 7 drthiaprostandc acid derivatives, processes .or the preparation o, them and 
The present invention provides 3,7-drtniapro8i«i. 
pharmaceutical compositions containing them. 



hypenen^ion. myocardiac ischemia etc. compounds which bind weakly to receptor sub^ 
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IS 



20 



2S 



30 



3^ < I p3A (A) 




,5A 



R2A is hydrogen atom or melhyl. 



voluntary ratio ). 
In the? 



so 



55 



2 



EP 0 855 389 A2 



10 



IS 




(B) 



enyl, 

or a group capable to form acetal 



tcgetherwithoxygen^rrhS^^^ 
FHB ,6 C3-C8 alkyi or 5-6 membered alicycllc ring.). 

In the specification ofJapaneseKokai No 58-11 n"^fi9 r, w . 
comrolilng vascular action. ' ' that the following compounds are useful for 

I.e. 7-thiaprostaglandin derivatives of the formula (C): 



so 



2S 



30 



3S 



40 



4S 



SO 



55 




(C) 



(wherein G is -COORSC, .cX)NR9Crioc or -CH ORHC 
wherein R8C js hydrogen atom CI C10 L . T 

Disclosure of the Invenlion 

The preseni invention provides 
(1) a 3.7-dithiaprostanoic acid derivative of the formula (I): 
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(whereinRi is hydros C1-4alkoxyoragroupof thelormula: 



wherein R« and R^ independently, are hydrogen atom or C1-4 all^l. 

r2 is hydrogen atom or hydroxy, 

R3is 

(!) CI -8 alkyi, C2-8 alkenyl or C2-8 aikynyl. 

^'S^^SiSo< C2-8 alkyny. substituted by phenyl or C3-7 cyck^lkyl. 

hydrogen atom; 

„ c'l'S^iC^^^^ ™- 

"Tir ivsi" - - 
'■•TtriTor/^^s.ccr; B3 -™ <^-v.. 



clohexyl. cycloheptyl. 

In this specitication the symbol: 



indicates a double or single bond, unless othen^ise specMed, the tapered ..e: 

N 

" indicates that the substituen. attached thereto i. in ,ront o, the sheet, the symboi: 

\ 

" indicates that the substKuent attached thereto is behind the sheet, the symbo.: 
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2S 



\ 

erated by the existence of asymmetric carbon(s) e.g In bfa^SZta^^^ufjrilT , S^"' 



do 
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Table 1 
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Table 2 
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Table 3 
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Table 5 

(5) 
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Table 6 

(6) 
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Table 7 

(7) 
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Table 9 

0) 
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Table 1 1 
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Table 12 

(12) 
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SO 
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Salts , . , 

»«. a... P-ele-able. Suitable sails. '°' '» y^SIl^, „«al (calcium, magnasiurr .1= ). anunoniumaalla. 
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argmine, N-methyl-D-glucamine etc.). 
Cyclodextrin clathrates 

Processes for the Preparation 

(1) Among the compounds of the formula (l). compounds of formula (la): 




COOH 



^Z'Zlr! ''"?K ^-^^ -^^^'"S ^= hereinbefore defined ) 

may be prepared by hydrolyzing a compound of formula i 



(lb): 



(la) 




OH ^2 

STn'enTyme'"' ^"^ "^'^ ^^'"'^'^ ^ meaning as hereinbefore defined ) 

soive^i^^r^rh^fs^^^^^^ 

enzyme (esterase, lipase etc.), at 0-50 »c ^'^""^ ^""^"'^ """^f. "Sing an ester cleaving 

(2) Among the compounds of the formula (I), compounds of formula (Ic): 




conr^r' 



(Wherein all symbols are the same meaning as hereinbefore defin.n » 
may be prepared by amida.ioo of a compound of thetormu^ (^ 
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O 




COOH 



(la) 



(wherein ail symbols are the same meaning as hereinbefore defined,) 
with a compound of formula (111): 



HNR^R^ 



(wherein all symbols are the same meaning as hereinbefore defined.). 

Amidation is known reaction, for example, in an inert organic solvent (tetrahydrof uran (THF). methylene chlo- 
ride, benzene, acetone, acetonitrile or a mixture thereof etc.). in the presence or absence of tertiary amine (dimeth- 
ytarninopyridine. pyridine, triethylamine etc.). using a condensing agent (1-ethyl-3-{3-(dimelhylamino)propyl]car- 
bodiimide (EDC), 1 ,3-dicyclohexylcarbodiimide (DCC) etc.), at 0-50 »C. 

(3) Among the compounds of the formula (I), compounds of the formula (lb): 



(wherein R2a is hydrogen atom or hydroxy protected by a protecting group which is eliminated under an acidic 
condition, R^o is a protecting group which is eliminated under an acidic condition. R3a is (1) CI -8 alkyl, C2-8 alkenyl 
or C2-8 alkynyl, (ii) phenyl or C3-7 cycloalkyl, (iii) CI -8 alkyl. C2-8 alkenyl or C2-8 alkynyl which are substituted 
by phenyl or C3-7 cycloalkyl (with the proviso that when R^a is hydrogen, alkyl. alkenyl and alkynyl groups in (I) 
or (iii) may be substituted by hydroxy protected by a protecting group which is eliminated under an acWic condition); 
the symbol: 

is a double or single bond) 
in an acidic condition. 

A protecting group whfch is eliminated under an acidic condition means, for example, t-butyldimethylsilyl, triphe- 
nylsilyl. iriphenylmethyl, tetrahydropyranyl. 1-ethoxyethyl, methoxy methyl, trimethylsilyl . etc. 

Hydrolysis under an acidic condition is known, for example, in a water-miscible organic solvent (THF. methanol, 
ethanol, dimethoxyethane. acetonitrile or a mixture thereof etc.).using inorganic acid (hydrochloric acid, phosphoric 




10 



(wherein all symbols are the same meaning as hereinbefore defined.) 
may be prepared by hydrolyzing a compound of formula (II): 




to 
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acid, hydrofluoric acid, hydrogen fluoride-pyridine complex etc.) or organic acid (acetic acid, toluenesulphonic acid 
trichloroacetic acid etc), at 0-50 °C. 

The compound of the formula (II) may be prepared by the following reaction scheme (A) in the next sheet. 

Symbols in reaction scheme are the same meaning as hereinbefore defined. 



Scheme (A) 



Bu2SnO 



(IV) 



u 

(VII) 



H202/OH* 



(V) 



Br^ — ^COOR 



to 



(VIII) 



(VI) 



alumina 



M (IX) 



t-BuLi 



Cu(CN)Li 




In each reaction in this specification products may be purified by conventional manner. For example, it may be 
carried out by distillation under atmospheric or reduced pressure, high performance liquid chromatography, thin layer 
chromatography or column chromatography using silica gel or magnesium silicate, washing or recrystallization. Puri- 
fication may be carried out after each reaction, or after a series of reactions. 

Starting Materials and Reagents 

Starting materials and reagents are known per se or may be prepared by known methods. 
Properties of the Compound of the Invention 

The compounds of the present invention of the formula (I) bind and act on EP4 receptor which is a subtype of 
PGE2 receptor 

In a standard laboratory test, the activities of the compounds of the present invention were confirmed by binding 
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dissociation constant (K.) o1 eacn comp 

Ki = IC5o/0+lCVKd)) 



20 



25 



Results are Shown in Table 17 and 18 

Example 



Table 17 
Dissociation constant^ 



30 



35 



40 



45 



50 



55 




Example No. 


Dissociation constant for 
" V5 


2 


0.01 


2(a) 


0.13 


2(1) 


0.61 


2(h) 


0.034 


2(k) 


0.023 


2(m) 


0.025 


2(o) 
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ApplJcatton for Pharmaceuticals 



40 



45 



SO 



SS 



For the purpose describedabove the . compounds will be a 

The doses to be administered ar^ h., ■ ^' Parenteral 

A^«ned above, the doses to be. hw ^''"""'^t'^tion between 1 and 

The compositions may also comori.P Polyvinylpyrrolidone or mag- 

compositions for oral administrminn ^ Phthalate<oafed tablets or SIT 9^'^""-«»ted. hydroxypropyi 

Citric acid etc.). For preparafiol ! c ^.^9^"'" ^^'^'e etc ) feS '^f « ^^^•"o"^' substances 

. Injections for parenteral adminis^afo^ 1?^ """^ S- Patent 

Reference Examples and Examples 

"I noi limit the present invention. 



26 



EP 0 855 389 A2 



Reference Example 1 

2,2-dibutyl-2-stanane-1 ,3-dithiane 



10 




, a 0 01 ..a dibwyi <»i«l^ ' « " """" ™° 

TLC : Rf 0.68 (hexane:EtOAc=9:1). 

Relerence Example 2 

6-Mercapto-3-thiahexanoic acid methyl ester 



20 



25 



30 



35 



40 



.COOMe 



HHoH in « solution Of 2 2-dibutyl-2-stanane-l .3-dithiane (9.38 g) in 
Bromoacetic acid methyl ester {6.36 9),^^^;^^ ^^^^^^^ hrs at 100 'C. After cooling, water was 

TLC : Rf 0.60 {hexane:EtOAc=4:1). 

Reference Example 3 

*methylsilytoxycyclopen,enon.2-yl)-37-dithiaheptano^ acid methyl ester 



7.(4R-t-butyldin 

^ .COOMe 




OTBS 



45 



SO 



hydroperoxide (31 %. 5 ml) and a 1 N aq. so ut.on Of s^^^^^^^ 

stirred for 1 .5 hrs at the same tempe^tu e^S^^^ 
mixtureandthemixturewasextracted-Theorg^c^^^^^ ^^^^^ ^^.34 g) in chlorolomi (10 ml) and 

in chlorolorm (35 ml). A solution of 6-'"ercapto-3 thiah^an ^ ,00m temperature. The reactior^ 

active a,umina03.)w^^^^^^^^^^^^^ 

ra;:)rgSti~u^^ 



55 TLC : Rf 0,39 (hexane:EtOAc=4.1). 
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Reference Example 4 

O 

-COOMe 




OTBS =■ 

OTBS 



at 78 C. The reaction mixture was stirred for 30 mins at the^m^l^l I ^» ® ""^ ^vas dropped to the solution 
S^T^cT ''"°"-^-^'^-'-^-^»'''«''«P'«"°*c acid mem^estrrs^^^^^^^^^^ tf °' ^■<'»F'-«-''"tyldimethyl- 
hydrous THF (4 ml) was dropped to the solution at -78 -C ThJtlf . ^- '^'^^'^ "^'^'^"'^^ ^'•^'"Pte 3) in an- 
solution of ammonium chloride was added to the miJure "0,! m ""^"'^ ^''"^ ' ^r. An aq. saturated 

mixture was extracted by hexane. The organic a^^s washTdrlT •«-'P«^-«"re. The react oS 

tography on silica gel (hexane-ethyl acetate) to afve tIS titTeJ^rlf h ;oc'f ^"^ P"^'"^^ "y column chroma- 
TLC : 0,55 (hexane:EtOAc=4:1) ^ ^ (^58 mg) having the following physical S 



2^ Example 1 

11a.15a-dihyd,oxy-9-oxc^3.7-dithiaprosM3E-enoic acid methyl ester 




OH 



40 



45 



M COO ed With ice. The reaction mixture was s.Ld o hr a7rt.m Tem ""r"" ^''""""^ ^> --'onWe 
.n o a mixture of ethyl acetate and an aq. saturated solium hirl^ temperature. The reaction mixture was poured 
w h ethy, acetate. The organic layer waslashe^Sd eSL^^e^T^^^^^^ ' ""'^"'^ « 

lographyon s.l^a 9^1 (chloroform-methanol) to give the title cc^orrTrtM,!^ ^'^^ P"""^ by column chroma- 

having the following physical data. P°""'*^'2^'"9: «q"'''""""ixture with 8-epi compound) 

TLC: Rf 0.55 (CHCI3:CH30H =19 i) 
Example 2 

11aJ5a.dihydroxy-9-oxc^37-dithiaprost.l3E.enoicacld 



ss 
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5 




Phosphate buffer (10 ml; pH 7.4) was added to a solution of 11a,15a-dihydroxy-9-oxo-3,7-dithiaprost-l3E-enoic 
acid methyl ester (48 mg; prepared in Example 1 ) In ethanol (1 ml). Pig liver esterase was added to the reaction mixture. 
The mixture was stirred for 2 hrs at room temperature. A saturated aq. solution of ammonium sulfate was added to the 
mixture. The mixture was extracted by ethyt acetate. The organic layer was dried, evaporated. The residue was purified 
by column chromatography on silica gel (ethyl acetate) to give the title compound (39 mg; an equilibrium mixture with 
8-epl isomer) having the following physical data. 

TLC : Rf 0.10 (EtOAc); 

NMR : 5 5.79 (1H. dd). 5.64 (1H. dd). 4.3-4.1 (2H, m). 3.7 (1H, bs). 3.23 (2H. s). 3.0-2.4 (8H. m), 2.0-1.8 (2H, m). 
1.7-1.5 (2H. m). 1.4-1.2 (6H. m), 1.0-0.8 (3H. m). 

20 

Example 2(a)-2(u) 

Compounds having the following physical data were given by the same manner in Reference Example 4, Example 
1 and 2. These compounds are equibullum mixtures with 8-epi Isomers. 

25 

Example 2(a) 



11a,15a-dihydroxy-9-oxo-17p,20-dimethyl-3,7-dithiaprost-13E-enoic acid 




TLC : Rf 0.50, 0.44 (CHCI3:CH30H=9:1, 1% acetic acid); 

NMR: 5 5.75(2H. m). 5.06(3H. br). 4.53-4.05(2H. m). 3.42-2.18(8H. m), 3.23(2H. s). 1.88(2H. m), 1.58(2H. m), 
1.42-1.03(7H. m). 0.91 (6H. m)^ 

Example 2(b) . 

1 1 a, 1 5a-dihydroxy-9-oxo-1 7a, 20-dimethyl-3.7-dithiaprosl-1 3E-enoic acid 



so 




TLC : Rf 0.38, 0.22 (EtOAc:AcOH= 100:1); 

NMR : 5 5.74 (1H. dd). 5.67 (1H. dd). 4.77 (3H. br). 4.45 and 4.20(2H, each m), 3.23 (2H. s). 3.42-2.18 (8H. m), 
1.88 (2H, m). 1.62-1.04 (9H. m). 0.89 (6H. m). 
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Example 2(c) 

1 1 a. 1 6p-dihydroxy-9-oxo-1 6a-methyl-3,7-dithiaprost-1 3E-enolc acid 

5 



10 




TLC : Rf 0.30. 0.23 (EtOAc:hexane:AcOH=6:2:1); 

NMR: 55.9-5.7 (1H, m), 5.7-5.5 (1H. m). 4.5 and 4.1(1H, each m). 4.1-3.7 (3H, br), 3.55-3.45 and 3.2-2.2 (lOH, 
IS each m). 3.24 (2H, s). 2.0-1 .8 (2H. m), 1 .6-1 .1 (6H. m), 1 .23 (3H. s). 0,93 (3H, t). 

Example 2(d) 

1 1 a, 1 5a-dihydroxy-9-oxo-3.7-dithiaprostanoic acid 

20 



2S 




30 TLC : Rf 0.30 (EtOAc:AcOH=100:1); 

NMR : 5 5.25 (3H. br). 4.32 and 4.1 5(1 H, each m). 3.72 (1H. m). 3.23 (2H. s). 3.38-2.38 (7H, m). 2.24 (1H, m), 
2.08-1.12 (14H. m). 0.90 (3H. t). 

Example 2(e) 

3S 

1 1 a, 1 5a-dihydroxy-9-oxo-3,7-dithjaprosM 3E . 1 72-dienolc acid 



O 



40 




TLC : Rf 0.52, 0.41 (EtOAc:AcOH=20;1); 

NMR : S 5.9-5.5 (3H. m). 5.5-5.2 (1 H, m). 4.6-4.2 (5H. br). 3.24 (2H. s), 3.45-3.40 and 3.1-2.2 (8H. each m), 2.2-2.0 
(2H. m), 2.0-1.8 (2H. m). 0.97 (3H. t). 

so 

Example 2(f) 

1 1 a, 1 5a-dihydroxy-9-oxo-1 6-phenyl-1 7, 18,1 9,20-letranor-3.7-dilhiaprost-1 3E-enoic acid 

55 
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5 




10 TLC Rf 0 24 (EtOAC:CH30H=2:1); 

NMR : 57.38-7.16 (5H. m). 5.90-5.50 (2H. m). 4.56-3.70 (7H. m). 3.21 (2H. s). 3.10-2,26 (10H. m). 1.87 (2H. quin.). 

Example 2(g) 

IS 11 a, 1 5a-dihydroxy-9-oxo-1 7-phenyl-1 8. 1 9.20-trinor-3.7-dithiaprost-1 3E-enoic acid 



20 



25 



OH 



COOH 




OH 



TLC : Rf 0.52. 0.43 (ElOAc: AcOH=20: 1 ); ^ . « 

NMR: 67.35-7.15 (5H, m). 5.9-5.6 (2H. m). 4.5-4.4 and 4. 3-4.0 (2H. each m). 4.3-3.6 (3H. br). a03(2H. s), 3.45-3.40 
and 3.05-2.20 (10H, each m). 2.0-1.8 (4H, m). 



30 Example 2(h) 

11a.15a-dihydroxy-9-oxo-l5-cyclohexyl-3J-dithia-l6.17.1B.l9.20-pentanorprost-13E-enoicacid 




COOH 



TLC • Rf 0 46 0 40 (CHCI3:CH30H=9:1 . 1% AcOH); 

NMR : 5 5.77 (1H, m). 5.61 (1H, dd). 4.76 (3H, br). 4.45 and 4.14 (1H, each m). 3.92 (IH. m), 3.42-2.30 (8H. m). 
4S 3.23 (2H. s). 1 .98-1 .56 (7H. m), 1 .54-0,85 (6H, m). 



Example 2(i) 

1 1 a. 1 5a-dihydroxy-9-oxo-l 5-cyclopentyl-3.7-dithia-1 6.17.18.1 9, 20-pentanorprost-1 3E-enolc acid 

so 



ss 




COOH 



h5 5h 
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TLC : Rf 0.27 (CHCI3/MeOH. 4/1); 

NMR : 5 5.86-5.48 (2H. m). 4.70-3.20 (6H. m). 3.15 (2H. s). 3.08-1.00 (18H, m). 
Example 2(j) 

11a.15o-dihydroxy-9-oxo-16-cyclohexyl-3.7-dithia-17.18.19.20-tetranorprost-13E-enoicacid 

O 



TLC Rf : 0,22 (AcOEl/AcOH. 50/1); 

NMR : 8 5.90-5.52 (2H, m). 5.04-4.40 (3H, br), 4.40-3.92 (3H, m). 3.22 (2H, s). 3. 1 2-2.24 (7H m) 2 
m). I > yi • 

Example 2(k) 

1 1 a. 1 5a-dihydroxy-9-oxo-1 5P-methyl-3.7-dithiaprost- 1 3E-enoic acid 

O 



HO 





TLC : Rf 0.27 (AcOEt/AcOH. 50/1); 




^-3.98 (2H, m). 3.15 (2H. s), 3.06-2.20 (7H. m). 2.04-1 72 (2H 
I, t. J=6.4Hz). 



Example 2(1) 



11 a. 1 5a-dihydroxy-9-oxo-1 7-ethyl-3.7-dithia-20-norprost- 1 3E-enoic acid 



O 




TLC : Rf 0.49, 0.38 (EtOAc/AcOH. 20:1); 
NMR ; 6 5.9-5.6 (2H. m). 5.6-5.0 (3H, br). 4.6-4.1 
m). 1.6-1.2 (7H. m), 0.83 (6H. t, J=7 Hz). 



.0 {2H. m). 3.23 (2H, s). 3.45-3.40 and 3.1-2.2 (8H. m). 2.0-1 .8 (2H. 



Example 2(m) 



1 1 a. 1 5a-dihydroxy-9-oxo-3.7-dlthia-20-norprost-1 3E-enoic acid 
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TLC : Rf 0.47, 0.37 (EtOAc/AcOH. 20: 1 ); 

NMR: 8 5.85-5.60 (2H, m). 5.6-5.2 (3H. br). 4.5-4.4and 4.25-4.05 (2H. m), 3.23 (2H, s). 3.45-3.40 and 3.1-2.2 (8H, 
m). 2.0-1 .8 (2H, m). 1 .7-1 .2 (BH, m), 0.92 (3H, t, J=7H2). 

Example 2(n) 

1 1 a, 1 5a-dihydroxy-9-oxo-3.7-dithia-20-honnoprost-1 3E-enoic acid 




TLC : Rf 0.58, 0.46 (EtOAc/AcOH. 10/1); 

NMR: 55.71 (2H. m), 5.38 (3H. br), 4.45 and 4.17 (2H. each m). 3.42 and 3.03 (1H, each d. J=6.6 and 11 Hz). 3.23 
(2H. s). 2.98-2.20 (7H. m). 1.88 (2H. nn). 1.54 (2H. m). 1.48-1.15 (8H. m), 0.89 (3K t J=6.4H2). 

Example 2(o) 

1 1 a, 1 5a-dihydroxy-9-oxo-1 6p-methyl-3,7-dithiaprost-1 3E-enoic acid 



O 




TLC : Rf 0.53. 0.42 (EtOAc/AcOH. 20:1); 

NMR : 5 5.85-5.60 (2H, m). 4.5-4.4 and 4.2-4.0 (2H, m), 4.6-3.8 {3H. br), 3.22 (2H, s). 3.45-3.40 and 3.1-2.2 (8H. 
m), 2.0-1.8 (2H, m), 1.7-1.1 (7H. m), 1.0-0.8 (6H. m). 

Example 2(p) 

1 1 a. 1 5a-d}hydroxy-9-oxo-3,7-dithiaprost-1 3E. 1 9-dlenoic acid 
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TLC : Rf 0.62, 0.56 (EtOAc/AcOH. 20/1); 

NMR : 5 5.88-5.48 (6H, m), 5.00 (2H, m). 4.42 and 4.15 (2H. each m), 3.40 and 3.02 (1H, each d. J=6.6 and 
J=11H2). 3.22 (2H. s), 3,06-2.28 (7H. m), 2.08 (2H. m). 1.86 (2H. m), 1.52 (4H. m). 

Example 2(q) 

11 a, 1 5a-dihydroxy-9-oxo-1 9,20-methano-3,7-dlthiaprost-1 3E-enoic acid 




TLC : Rf 0.37. 0.19 (EtOAc/AcOH. 20/1); 

NMP : 5 5.74 (5H, m), 4.44 and 4.1 5 (2H. each m). 3.41 and 3.02 (1 H, each d. J=6.8H2 and J= 11 Hz). 3.23 (2H, 
s), 2.98-2.19 (7H. m). 1.86 (2H, m), 1.73-1.10 (6H. m). 0.63 (1H. m), 0.40 (2H. m), 0.00 (2H. m). 

Example 2(r) 

1 1 a, 1 5a-dihydroxy-9-oxo-1 8-methyl-3.7-dithia-20-norprost-1 3E-enoic acid 




TLC : Rf 0.50, 0.27 (EtOAc/AcOH, 20/1); 

NMR : 5 5.68 (5H. m), 4.44 and 4.15 (2H, each m). 3.42 and 3.03 (1H. each d, J=6.6Hz and J= 11 Hz). 3.23 (2H. 
s). 2.98-2.20 (7H, m), 1.88 (2H, m). 1.57 (3H, m), 1.23 (2H, m). 0.90 (6H. d. J=6.6Hz). 

Example 2(s) 

1 1 a, 1 5a-dihydroxy-9-oxo-1 6a-methyl-3.7-dilhiaprost-1 3E-enoic acid 
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10 TLC : Rf 0.49, 0.39 (EtOAc/AcOH. 20: 1 ); 

NMR : 5 5.9-5.6 (2H, m). 4.5-4.4 and 4.3-4.0 (2H. m). 4.7-3.9 (3H, br), 3.23 (2H. s). 3.45-3.40 and 2.9-2.2 (8H. m), 
2.0-1 .8 (2H, m). 1 .7-1 .0 (7H, m), 1 .0-0.8 (6H, m). 

Example 2(t) 

IS 

1 1 a. r5a-dihydroxy-9-oxo-1 6-cyclopentyl-3,7-dilhia-1 7, 1 8. 1 9. 20-tetranorprost-1 3E-enoic acid 



O 




TLC : Rf 0.53. 0.37 (EtOAc/AcOH, 20/1); 

NMR : 5 5.76 (5H. m), 4.44 and 4.18 (2H. each m), 3.42 and 3.03 (1H. each d, J=6.8Hz and J=11 Hz). 3.23 (2H. 
s). 2.96-2.20 (7H, m), 2.01-1.38 (11H. m), 1.13 (2H. m). 

30 

Example 2(u) 

11 a,15a-dihydroxy-9-oxo-16a-methyl-16-phenyl-3,7-dithia-20-norprost-1 3E-enoic acid 

3S 



40 




^ TLC : Rf 0.42. 0.32 (EtOAc/Hex/AcOH. 1 5:5: 1 ); 

NMR : 5 7.4-7.2 (m. 5H). 5.71 (dd. J=15. 6Hz, 1H). 5.64 (dd. J=15. SHz, 1H). 4.35 (t, J=6Hz, 1H). 4.35 (t, J=6Hz, 
1H). 3.95 (q, J=8Hz. 1H). 3.22 (s. 2H). 3.35-3.3 and 3.0-2.3 (m, 9H). 3.2-2.5 (br). 2.0-1.8 (m, 2H). 1.38 (d, J=:6Hz. 
3H). 

so Formulation Example 

The following components were admixed in conventional method and dried. Microcrystalline cellubse was added 
to the mixture to obtain the total weight 10 g. The resulting mixture was mixed sufficiently to make it homogeneous 
and then tabletted in conventbnal manner to give 100 tablets each containing 30 ^ig of the active ingredient. 

ss 

a solution of 11a,l5a-dihydroxy-9-oxo-3,7-dithiaprost-13E-enoic acid (3 mg) in ethanol 10 ml 
magnesium stearate 100 mg 
silicon dioxide 20 mg 
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talc 10 mg 

carboxymethylcellulose calcium 200 mg 
microcrystalline cellulose 5.0 g 

Claims 

1 . A 3.7-dithiaprostanolc acid derivative of the formula (I): 




(wherein is hydroxy. CI -4 alkoxy or a group of the formula: 

Wherein and R^. Independently, are hydrogen atom or C1-4 alkyi, 
R2 is hydrogen atom or hydroxy, 
R3 is 

(i) CI -8 alkyI, C2-8 alkenyl or C2-8 alkynyl, 

(ii) phenyl or C3-7 cycloalkyi, 

(iii) C1-8 alkyi, C2-8 alkenyl or C2-8 alkynyl substituted by phenyl or C3-7 cycloalkyi, 

with the proviso that, alkyl. alkenyl, alkynyl In (i) or (iii) may be substituted by one hydroxy group, when is 

hydrogen atom; 

the symbol — Is a double or single bond; 

the formula including the 8-epl equilibrium compound thereof); 

a non-toxic salt thereof or a cyclodextrin clathrate thereof. 

2. A compound according to claim 1 . wherein R3 is C 1 -8 alkyl, C2-8 alkenyl or C2-a alkynyl. 

3. A compound according to claim 1 , wherein R^ is phenyl or C3-7-cycloalkyl. 

4. A compound according to claim 1 . wherein R3 is CI -8 alkyl, C2-8 alkenyl or C2-8 alkynyl substituted by phenyl. 

5. A compound according to claim 1. wherein R3 is C1-8 alkyl. C2-8 alkenyl or C2-8 alkynyl substituted by C3-7 
cycloalkyi. 

6. A compound according to claim 2, whfch is 

1 1 a, 1 5a-dihydroxy-9-oxo-3.7-dithiaprost-1 3E-enoic acid. 

1 1 a, 1 5a-dihydroxy-9-oxo-1 7p,20-dimethyl-3,7-dithiaprost-1 3E-enoic acid, 

1 1 a, 1 5a-dihydroxy-9-oxo-1 7a,20-dlmelhyl-3,7-dithiaprost-l 3E-enoic acid, 

l1a,l6P-dihydroxy-9-oxo-16a-methyl-3,7-dithiaprost-13E-enoic acid, 

11 a.15a-dihydroxy-9-oxo-3,7-dithiaprostanoic acid, 

1 1 a, 1 5a-dihydroxy-9-oxo-3.7-dithiaprost-1 3E. 1 7Z-dienoic acid 

1 1 a, 1 5a-dihydroxy-9-oxo-l 5tJ-methyl-3,7-dithiaprost-1 3E-enoic acid, 

1 1 a, 1 5a-dihydroxy-9-oxo-l 7-ethy l-3,7-dithia-20-norprost-1 3E-enolc acid. 

1 1 a, 1 5a-dihydroxy-9-oxo-3.7-dithia-20-norprost-1 3E -enoic acid. 

1 1 a, 1 5a-dihydroxy-9-oxo-3,7-dithia-20-homoprosl-l 3E-enoic acid. 
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y "'"'•aPfost-iaE-enoic acid or methyl ester thereof 
impound accordino to claim n u,hi„w 



7. A compound according to claim 3. which Is 

or methyl ester thereof. ^■^^•^^•^^•20-Pentanorprost-13E-enoicacid 
8. A compound according to claim 4, which Is 

P'*^' ^^^-®"0'cacidormethylesterthere- 

9. A compound according to claim 5. which is 

J!«;f'^'u^*^'°^^'^'°^°-^S-^y<='°fi^''y'-3.7-dithia-l7 18 9n , , 

a15«-d,hydroxy-9-oxo-l9.20-methano-3.7-d'h^^^^^^^ 
11a.15a-dihydroxy-9.oxo-16-cvcloDentvl-3 7 H»hi ^^"""^ ^'^'^ °^ 

or methyl ester thereof. ^ ^ ^•^"^''^'^■'^•^^•IQ-^O-tetranorprost.lSE-enoicacid 

10. A process for the preparation of a compound of the formula (la): 



IS 



20 



30 



3S 



40 



45 



SO 



SS 





OH L (lb) 



R 
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(Ic) 



10 



Which comprises amidation ot a uwi h 



IS 




COOH 



(la) 



20 



2S 



(Wherein a.. sy.bo. are t.e same rneaning as defined in claim 1) 
with a compound of the fomiola (III): 



HNR^R^ 



(III) 



wherein all symbols are the same 



meaning as defined in claim 1). 



so 12. A process for the 



preparation of a compound of the formula (lb): 



35 
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Ob) 



10 



40 



45 



50 
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condition); 
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the symbol: 



is a double or single bond); 
in an acidic condition. 

13. A pharmaceutical composition which comprises, as active ingredient, a compound of the formula (1) depicted in 
claim 1 or cyclodextrin clathrate thereof or non-toxic salt thereof, with a pharmaceutical carrier or coating. 

14. A compound of the formula (I) depicted in claim 11 or cyclodextrin clathrate thereof or non-toxic salt thereof, with 
a pharmaceutical carrier or coating for use in a method for the prevention and/or treatment of immunologic diseases 
(autoimmune diseases, immunological deficiency disease, organ transplantation), asthma, abnormal bone forma- 
tion, neuronal cell death, liver damage, nephritis, hypertension or myocardiac ischemia. 
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